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Abstract: As one of the most frequent and deadly cancers, the pathological mechanism of lung cancer has yet to be determined, 
especially in lung squamous cell carcinoma (LUSC). Aberrantly expressed mRNAs are the prominent contributing factor to cancer, 
which are important to find new biomarkers for early diagnosis and understand the etiology of LUSC. Currently, data of the Cancer 
Genome Atlas (TCGA) offer the potential to finish these works. This study explored the early expression profile of LUSC-specific 
mRNA based on a database obtained from TCGA. KEGG analysis showed that P53 signaling pathway, Wnt signaling pathway, TNF 
signaling pathway, PI3K-Akt signaling and so on have significantly changed in patients with LUSC. Some genes, such as 
cyclin-dependent kinases 1 (CDK1), minichromosome maintenance complex component 2 (MCM2) and cyclin B1 (CCNB1), are highly 

expressed in early LUSC, while growth arrest and DNA damage inducible beta (GADD45B), transforming growth factor-β2 (TGFB2) 
and cell division cycle 14A (CDC14A) and other genes showed low expression, which these genes are enriched in the p53 signaling 
pathway. The result obtained by KEGG analysis on differentially expressed genes in LUSC tumors are a good indicator of early 
detection for LUSC, and provide valuable information in future research for clarifying the etiology of LUSC. 
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1. Introduction 

Lung cancer is the leading of death for cancer 

patients worldwide, with highest morbidity and 

mortality[1]. Non-small cell lung cancer accounts for 

the main type of lung cancer[2], of which lung 

squamous cell carcinoma (LUSC) has a high degree of 

malignancy, low clinical cure rate and poor survival 

rate[3]. This situation is largely due to the lack of 

in-depth understanding of the molecular pathogenesis 

of lung squamous cell carcinoma, which makes it 

impossible to achieve effective targeted therapy. The 

abnormal regulation of RNA is the essential factor 

leading to the malignant transformation of normal cells 

and the formation of tumors[4]. After deep sequencing 

technology has been applied to the study of lung 

cancer, the early recognition of the primary tumor and 

targeting agents of lung adenocarcinoma have made 

great progress in non-small cell lung cancer while 

those work on LUSC is relatively delayed. 

Therefore, in the present study we explored the early 

expression profile of LUSC-specific mRNA by 

analyzing RNA sequence results from 504 LUSC 

tumors and 46 samples of adjacent nontumorous lung 

tissues[5]. Differential expressed key genes in the early 

stage of LUSC can be a good indicator of early 

detection for LUSC. The research results can provide 

new clues for clarifying the etiology of LUSC in 

future. 

2. Materials and Methods 

2.1. Research Design 

All available mRNA expression data were collected 

from 504 LUSC tumors and 46 adjacent    

non-tumor lung tissues in TCGA  

(https://cancergenome.nih.gov/). According to 

previously reported methods[6], a total of 375 LUSC 

samples were included in this study. In these data sets, 

available tumor data were subdivided into early stage 

group, middle stage group and late stage group, with 

40 adjacent non-tumor lung tissues as the control 

group. Differing from middle stage group, late stage 

group and the control group, differential expression 

genes in early stage group were included into 

following bioinformatics analysis, and detailed 

information has been described in previous studies.  

 

2.2. Bioinformatics Analysis 

Using DAVID (https://david.ncifcrf.gov/), 
statistically significant differentially expressed 

mRNAs were examined in Kyoto Encyclopedia of 

Genes and Genomes (KEGG; http://www.kegg.jp/)[7]. 

Significantly enriched in early LUSC (P ≤ 0.05 and 

FDR ≤ 0.05)[8] were obtained by the pathway 

enrichment analysis uncovered the metabolic pathways 

and signal transduction pathways. Some upregulated 

and downregulated genes were focused. 

 

2.3. Statistical analysis 
In this work, significant differences in gene 

expression were defined by two criteria: false 

discovery rate (FDR ≤ 0.05) and fold change (≥3). 

Differences with P values <0.05 were considered 

statistically significant. 

https://cancergenome.nih.gov/
https://david.ncifcrf.gov/
http://www.kegg.jp/
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Figure 1. KEGG analysis of differentially expressed genes in early lung squamous carcinoma cells. 

 

3. Results  

3.1. Pathway analysis on differentially expressed 

genes in early LUSC 
In our study, data on the differential expression 

mRNAs in LUSC and adjacent non-tumor lung tissues 

were obtained from TCGA. Significantly differentially 

expressed mRNAs in early LUSC were identified, and 

8618 differentially expressed genes were obtained. 

Using DAVID, pathway data analysis showed that the 

P53 signaling pathway, Wnt signaling pathway, and 

TNF signaling pathway produced a significant 

response in patients with LUSC (Figure 1). At the 

same time, early aberrant signal pathway responses 

also appeared in other important biological processes 

including the cell cycle, cell proliferation and adhesion 

(Figure 1).  

 

3.2. Up-regulated expression key genes in p53 

signaling pathway of early LUSC 
After KEGG analysis of differentially expressed 

genes obtained from early LUSC, we found that a total 

of 62 differentially expressed genes were enriched in 

the p53 signaling pathway. Among them, 53 

up-regulated expression differentially expressed genes 

were identified including CDK1, CDK2 and CDK4 

from cyclin-dependent kinase family, MCM2 and 

MCM3 from microchromosome maintenance protein 

family, CCNB1 and CCNB2 cyclin family, etc. The 

results suggested that abnormal cell growth, 

chromosome and cell cycle changes were the 

prominent contributing factor to early LUSC, which 

contributed to LUSC starting.  

 

3.3. Down-regulated expression key genes in p53 

signaling pathway of early LUSC 
In addition to 53 up-regulated genes in early LUSC, 

we also found 9 down-regulated genes in the p53 

signaling pathway of early LUSC, such as 

transforming growth factor-β2 (TGF-β2), cyclin D3 

(CCND3), cyclin B3 (CCNB3), cyclin cycle protein 

14A (CDC14A), growth arrest and 

DNA-damage-inducible 45 beta (GADD45B) and so 

on. The results suggested that some negative effects on 

cell cycle regulation, immune cell activation and 

cellular differentiation have formed after normal cells 

were transformed into LUSC cells. 

 

 
Figure 2. Up-regulated genes enriched in p53 

signaling pathway of early LUSC. 
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Figure 3. Down-regulated genes enriched in p53 

signaling pathway of early LUSC. 

4. Discussion 

Although there have been some progress on research 

of lung cancer, the pathological mechanism of LUSC 

has yet to be determined. As a public funded project, 

TCGA aims to discover major cancer-causing genomic 

alterations so as to create a comprehensive "atlas" of 

cancer genomic profiles[9]. To identify aberrantly 

expressed mRNA that contributes to early pathologic 

mechanisms, the updated genomic information of 

LUSC was analyzed by performing a large number of 

genomic sequences and comprehensive 

multidimensional analysis of TCGA datasets in our 

study. The results showed dynamic changes of 

LUSC-related genes, and the altered mRNA 

expression profiles reflected genetic changes and 

tumor performance in early stage of LUSC. 

Compared and screened differences in gene 

expression in early LUSC and normal tissues based on 

data from the TCGA database, the KEGG pathway 

analysis highlighted the dysregulation of mRNA 

expression which indicated that physiological function 

of LUSC tissue is significantly different from those in 

normal tissue. Meanwhile, many genes that were 

significantly differentially expressed in LUSC were 

found to be enriched in some important pathways, such 

as "Wnt signaling pathway", "PI3K-AKT signaling 

pathway", etc. The activation of Wnt/β-catenin 

signaling and up regulated Wnt signaling target genes 

in human non-small cell lung cancer (NSCLC) cells 

resulted in promoted cell proliferation and 

invasion[10]. The PI3K-AKT signaling pathway was a 

key pathway for cancer cell growth, proliferation and 

migration, and thus invasion of human ovarian cancer 

cells were inhibited through the inactivation of the 

PI3K/Akt signaling pathway[11]. These results 

suggested that abnormal proliferation of early LUSC 

was associated with abnormal changes in intracellular 

pathways. In addition to the above pathways, some 

different expressed genes with high or low expression 

werw enriched in the "p53 signaling pathway", 

including high expression genes (CCNB1, CDK2, 

MCM2, etc.) and low expression genes (TGF-β2, 

CDKN2A, RBL2, etc.). 

Among the highly expressed genes, we found that 

CDK1, CDK2 and CDK4 were significantly 

up-regulated in early stage lung squamous cell 

carcinoma. CDKs can be inhibited by some inhibitors 

such as p18INK4c to restrain the proliferation and 

tumorigenesis of mammary luminal progenitor cell[12]. 

Therefore, the high expression of CDKs in the early 

stage of lung squamous cell carcinoma revealed that 

the tumor has enhanced ability in proliferation and 

differentiation, which may further lead the future 

aggressiveness of LUSC. 

TGF-β, a multifunctional regulator, is associated 

with cell growth and differentiation[13,14]. 

Researchers have noticed that TGF-β acts as a tumor 

suppressor in early stages of tumor[15]. At the same 

time, we found that TGF-β2 was lowly expressed in 

early stage of LUSE, which was consistent with its role 

in the early development of cancer. The result 

suggested that TGF-β2 and related gene expression can 

be used as biomarkers for understanding the 

development of patients with LUSC. 

5. Conclusion 

In our study, we screened for abnormal expression 

mRNA in early LUSC and performed KEGG analysis 

to identify the influence of abnormally expressed 

mRNA to the development of LUSC. The study can 

provide data for the early diagnosis and treatment of 

LUSC, and also provide a new research approach for 

finding potential therapeutic goals of LUSC.  

 

References 
[1] Zhao W, Choi YL, Song JY, et al. ALK, ROS1 

and RET rearrangements in lung squamous cell 

carcinoma are very rare[J]. Lung Cancer, 2016, 

94:22-27. 

[2] Perez-Moreno PD, Brambilla E, Thomas RK, et 

al. Squamous-cell carcinoma of the lung: 

molecular subtypes and therapeutic 

opportunities[J]. Clinical cancer research, 2012: 

clincanres. 2370.2011. 

[3] Tanoue LT, Detterbeck FC. New TNM 

classification for non-small-cell lung cancer[J]. 

Expert review of anticancer therapy, 2009, 9(4): 

413-423. 

[4] Tan Q, Li F, Wang G, et al. Identification of 

FGF19 as a prognostic marker and potential 

driver gene of lung squamous cell carcinomas 

in Chinese smoking patients[J]. Oncotarget, 

2016, 7(14): 18394.  

[5] Katarzyna T, Patrycja C, Maciej W. The Cancer 

Genome Atlas (TCGA): an immeasurable 

source of knowledge[J]. Contemporary 

Oncology, 2015, 19(1A):68-77. 



Cancer Cell Research                                           20 (2018) 520-523 

 

Copyright@2018 by Cancer Cell Research                  523                                                            

 

[6] Ning P, Wu Z, Hu A, et al. Integrated genomic 

analyses of lung squamous cell carcinoma for 

identification of a possible competitive 

endogenous RNA network by means of TCGA 

datasets[J]. Peerj, 2018, 6(16):e4254.  

[7] Kanehisa M, Araki M, Goto S, et al. KEGG for 

linking genomes to life and the environment[J]. 

Nucleic Acids Research, 2008, 36:D480–D484. 

[8] Benjamini Y, Hochberg Y. Controlling the false 

discovery rate: a practical and powerful 

approach to multiple testing[J]. Journal of the 

Royal Statistical Society. Series B 

(Methodological), 1995, 57(1):289–300. 

[9] Zhu Y, Qiu P, Ji Y. TCGA-assembler: 

open-source software for retrieving and 

processing TCGA data[J]. Nature Methods, 

2014. 11(6):599–600.  

[10] Yang S, Liu Y, Li MY, et al. FOXP3 promotes 

tumor growth and metastasis by activating 

Wnt/β-catenin signaling pathway and EMT in 

non-small cell lung cancer[J]. Molecular Cancer, 

2017, 16(1):124. 

[11] Cao J, Li H, Liu G, et al. Knockdown of 

JARID2 inhibits the proliferation and invasion 

of ovarian cancer through the PI3K/Akt 

signaling pathway[J]. Molecular Cancer 

Research, 2017, 16(3):3600. 

[12] Pei XH, Bai F, Smith MD, et al. CDK inhibitor 

p18ink4c is a downstream target of GATA3 and 

restrains mammary luminal progenitor cell 

proliferation and tumorigenesis[J]. Cancer Cell, 

2009, 15(5):389-401. 

[13] Newman MJ. Transforming growth factor beta 

and the cell surface in tumor progression[J]. 

Cancer Metastasis Reviews, 1993, 12(3-4):239. 

[14] Elsafadi M, Manikandan M, Atteya M, et al. 

SERPINB2 is a novel TGFβ-responsive lineage 

fate determinant of human bone marrow 

stromal cells[J]. Scientific Reports, 2017, 7(1). 

[15] Tai Q, Barron L, Lu X, et al. A novel highly 

potent trivalent TGF-β receptor trap inhibits 

early-stage tumorigenesis and tumor cell 

invasion in murine Pten-deficient      

prostate glands[J]. Oncotarget, 2016, 

7(52):86087-86102. 

 

 

 

 

 

 


